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In this work, we study the eflects of breaking Lorentz symmetry in scalar-tensor theories of gravity 
taking torsion into account. We show that a space-time with torsion interacting with a Maxwell field 
by means of a Chern-Simons-like term is able to explain the optical activity in syncrotron radiation 
emitted by cosmological distant radio sources. Without specifying the source of the dilaton-gravity, 
we study the dilaton-solution. We analyse the physical implications of this result in the Jordan-Fierz 
frame. We also analyse the effects of the Lorentz breaking in the cosmic string formation process. 
We obtain the solution corresponding to a cosmic string in the presence of torsion by keeping 
track of the effects of the Chern-Simons coupling and calculate the charge induced on this cosmic 
string in this framework. We also show that the resulting charged cosmic string gives us important 
effects concerning the background radiation. The optical activity in this case is also worked out and 
discussed. 

PACS numbers: 04.20-q, 04.50+h 



1. INTRODUCTION 

The idea of the possible existence of extra dimensions 
of space-time as proposed in the Kaluza-Klein theory^ 
has inspired the formulation of scalar-tensor theories of 
gravity. In these theories, the gravitational interaction is 
mediated by one or several long-range fields, in addition 
to the usual tensor field of the Theory of General Rela- 
tivity and represents the simplest and most natural gen- 
eralization of General Rclativityj2|-0|- The relevance of 
these scalar-tensor theories resides in the fact that in the 
very early universe, or in the presence of strong gravita- 
tional fields, both the scalar and tensor aspects of gravity 
have to be taken into account. Nowdays, these effects are 
small but, to some extent, they can be observed. 

In addition to the scalar and tensor fields, we shall 
consider another one which may have an important role: 
the torsion field. This could influence some physical phe- 
nomena as, for example, neutrino oscillations and may 
have been an important element in the early universe, 
when quantum effects of gravity were drastically impor- 
tant. 

In this paper, we study the cosmic string configuration 
in the context of scalar-tensor theories of gravity^ with 
torsionj3, 0. 1^ and analyse their role in the geometric 
and topological features of the cosmic string solution. A 
cosmic string is what is called a topological defect and 
corresponds to a regular, classical solution to a gauge 
field theory which arises when a symmetry of the theory 
is spontaneously broken. In particular, in the framework 
of Cosmology, it may be generated during phase tran- 
sitions in the early universe [lol The GUT defects 
carry a large energy density and, hence, are of interest 
in Cosmology, as potential sources to explain the most 
energetic events in the Universe, like the cosmological 



gamma-ray bursts (GRBs)^2|j ultra high energ y co smic 
rays (UHECRs) and very high energy neutrinos 13], and 
gravitational- wave bursts hJ,UJ 

In recent years, there has ben a considerable interest in 
theories with the Lorentz and CPT violations. These the- 
ories may be implemented by a Chern-Simons type model 
in four dimensions. In three dimensions, the Chern- 
Simons models have attracted a considerable attention 
due to the fact that the Maxwell-Chern-Simons-Higgs 
(MCSH) theory in a three-dimensional Minkowski space- 
time has some similarities with the theory of high- 
Tc superconductivity. At large distances, the Chern- 
Simons term dominates over the Maxwell term and so 
it is reasonable to consider the simplest Abelian Chern- 
Simons-Higgs model, from which it was shown^^ that 
there exists a vortex solution to the three-dimensional 
Abelian Chern-Simons-Higgs model, and an electrically 
charged vortex solution with a Chern-Simons term|l8j|. 
Motivated by these reasons, in our work wc study the 
possibility to build up a cosmic string solution in the pres- 
ence of a four-dimensional Chern-Simons type term [l^ : 
in this dimension it presents a vector coupling, which can 
be indentified with the dilaton gradient in a scalar-tensor 
theory of gravity. 

In a previous paper [23|, only the effect of the inter- 
action between the cosmic string-dilaton-solution in the 
background was considered; now, we analyse another as- 
pect associated with the charge induced in the core of the 
string. An interesting application of a cosmic string with 
Chern-Simons-torsion coupling is to analyse the possi- 
ble existence of a preferred direction in the sky. This 
subject has already discussed in the context of theo- 
ries of gravitv[2li ill I2II2I HI ^ and observational 
cosmology[23 • The idea is that the electromagnetic ra- 
diation travelling through the intergalactic medium in- 
teracts with its components and, if this radiation is ini- 
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tially plane polarized, the plane of polarization will ro- 
tate. Thus, if the Faraday rotation is taken into account, 
there is a residual rotation that does not vanish. Such a 
phenomenon, if it exists, would imply the violation of the 
Lorcntz invariance 21j. with unpredictable consequences 
for fundamental physics jl^. 

In the present paper, we consider that a plane po- 
larized electromagnetic radiation has the plane of po- 
larization rotated when it is travelling in the presence 
of the gravitational field generated by a screwed cosmic 
string in scalar-tensor theories of gravity. The motivation 
to consider such a background with torsion was already 
discussed pol l30l |. On the other hand, the assumption 
that gravity may be intermediated by a scalar field (or, 
more generally, by many scalar fields), in addition to the 
usual tensor field, has been considerably reassessed over 
the recent years. It has been argued that gravity may 
be described by a scalar-tensorial gravitational field, at 
least at sufficiently high energy scales. 

This paper is organized as follows: In Section II, we 
present some aspects of scalar-tensor theories. In Sec- 
tion III, we introduce the Chern-Simons coupling to the 
free field theory. The cosmic string solution with Chern- 
Simons effects is presented in Section IV. In Section V, 
we discuss the possibility that this approach can be in 
accordance with all of the experiments where the optical 
activity appears. Finally, in Section VI, we present our 
Concluding Remarks. 



scalar-tensor theory has a (j) dependence, but in the spe- 
cific case of the Brans-Dicke theory it is a constant. The 
scalar curvature R, appearing in Eq. 1)2. l|l can be written 

as 



R^R{{}) + S 



(2.2) 



where R{{}) is the Riemann scalar curvature in the 
Jordan-Fierz frame and S is the torsion coupling 
constant [3^. It is worthy to stress that in the scalar 
curvature R, the scalar function (j) (the dilaton field) can 
act as a source of the torsion field. Therefore, in the ab- 
sence of string spin, the torsion field may be generated 
by the gradient of this scalar field [sj . In this case, the 
torsion can be propagated with the scalar field, and it 
can be written as 



(2.3) 



The most general affine connection, T^J^, in this the- 
ory has a contribution arising from the contortion tensor, 
K^J^, as given below: 



2. SCALAR-TENSOR THEORIES OF GRAVITY 
WITH TORSION 

In this section, we set some results concerning the 
scalar-tensor theories of gravity with torsion. Let us con- 
sider that, in this case, gravity is represented by an action 
in the Jordan-Fierz framep3lLl32|. which is given by 



IGtt 



(2.1) 



where the matter action in Eg. 12. 1(1 is related with 
the dilaton-matter coupling. The function a; in a general 



(2.4) 



where the quantity {Jj^} is the Christoffel symbol com- 
puted from the metric tensor 17^,^, and the contortion 
tensor, K-^J" ^ can be written in terms of the torsion field 
as 



K 



--{S^^^ + SJ-^-S^J^). (2.5) 



Now, let us introduce a Maxwell-Chern-Simons cou- 
pling and analyse its consequences. Thus, we will con- 
sider the action for the matter in (|2.1|) . which we will 
indicate by ImcSj as given by 



lmcs 



(2.6) 



r 



where we couple the electromagnetic dual field, F^j^, 
and the vector potential, Aa, to the torsion vector 
Sp = —^S/s, which is responsible for the appearance 
of the preferred cosmic direction, as suggested by the 
observations [2^. The parameter A is the coupling con- 



stant of the theory, whose expected value will be esti- 
mated later on, using current astronomical data sets. In 
what follows, we shall investigate the role played by the 
Chern-Simons term in the scalar-tensor screwed cosmic 
string background. 
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In this paper, we shall consider the case where is 
a gradient of some scalar field, (p. This preserves gauge 
invariance but not the Lorentz invariance. In the scalar- 
tensor screwed cosmic string background, we may con- 
sider this scalar ip as the dilaton. Thus, using Ea. (|2.3() 
the torsion vector (in the Jordan-Ficrz frame) is defined 
as 



(2.7) 



Although the action proposed in Ea. (|2.1(l shows ex- 
plicitly this scalar-tensor gravity feature, for technical 
reasons, we will adopt the Einstein (conformal) frame in 
which the kinematic terms of the scalar and tensor fields 
do not mix. In this frame, the action can be written as 



In this context, the field equation of the eletromagnetic 
field becomes 



(2.12) 



For some purposes, it is more interesting to write down 
these equations of motion in terms of the electric and 
magnetic fields. Then, we consider the electric field, E'^ 
and magnetic field, i?*, defined as usual by: 



ijk 



F. 



jk- 



(2.13) 



In what follows, let us consider a spatially flat isotropic 
Friedmann- Robertson- Walker(FRW) background. 



(2.8) 



where Imcs is the action of Maxwell-Chern-Simons given 
by H2.6fl with 5*^,, interchanged by which is given by 



ds^ = a^{ri){-drf + dx^ -f dy'^ +dz^), 



(2.14) 



where rj is the conformal time coordinate, defined by dr] = 
dt/a{t), a{t) being the cosmological scale factor. Then, 
we have the following equations 



(2.9) 



where is written in the Einstein frame, R{{\) is the 
curvature scalar without torsion and ^ is the parameter 
that includes the torsion contribution, ^, so defined that 



^ = 1 - 25a^ 



(2.10) 



This more convenient formulation of the theory in 
terms of the gravitational field variables, 5^1/ and (p, is 
obtained by means of the conformal transformation 



(2.11) 



9t,u = ^'^{(l>)gf^u, 
and by a redefinition of the quantity 



This transformation puts into evidence that any gravita- 
tional phenomena will be affected by the variation of the 
gravitational constant, G, in the scalar-tensor gravity, a 
feature that is exhibited through the definition of a new 
parameter. 



a'(0) 



ainf7((/)) 
d4> 



which can be interpreted as the field-dependent coupling 
strength between matter and the scalar field. In order to 
make our calculations as general as possible, we will not 
fix the factors ^{4>) and a{(j)), leaving them as arbitrary 
functions of the scalar field. 



dr,E- 



V»E 

V X B 

V X E 
V» B 



2Aa((/)o)V(/>» B, 

2Aa(0)[a^0B-V0xE] 



-a„B, 



(2.15) 



= 0, 



where E = a^E and B = a^B. 

The equation of the motion for dilaton field in this 
background is given by 



— dnad„4' — 0, 
a 



(2.16) 



where (p is taken to be an arbitrary function of the space 
and time coordinates. Assuming that the solution for 
has the form 



0(77, x) = (po{rf) cos{k • x) 



(2.17) 



and substituting this into Eq. H2.16|l , we get the following 
equation 



0. 



(2.18) 



We can notice that, as consequence of this result, the 
overall homogcnity of the universe over long distance 
scales is not disturbed by the inclusion of a spatial part 
in (p. 

Now, we study the modification introduced by this 
background in the Pointing vector. From the field equa- 
tions H2.15|l . we derive the wave equations for the electric 
and magnetic fields, which take the form that follows: 
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-2V X (V</- X E) 
2V X (</)B), 



)E 



2V X (0E - 
+V(V • E) 



2V0 X E) 



(2.19) 



(2.20) 



It is easy to see that these equations reduce to the 
usual MaxweU equations whenever = or constant. 
From the equations given in H2.15|) . we find that 



E« J = 0, 



(2.21) 



where S = (E x B) is the Poynting vector and U = 
i(E^ + B^) is the electromagnetic energy density. The 

presence of a term of the form E • J indicates a sort of 
dissipation effect. It can be interpreted as the analogue 
of the Ohm's law, where the current is proportional to 
B and given by J = 2Aq!(0)0B. This sort of current 
induced by B is a feature of models with Chern-Simons- 
type Lorentz breaking term. 



3. SCREWED COSMIC STRING MODEL WITH 
CHERN-SIMONS COUPLING 

In this section, let us investigate the solution that cor- 
responds to a cosmic string when the Chern-Simons cou- 
pling is included. We analyse the vortex regime of the 
fields. The action for screwed cosmic string, Imig^Lv, ^'), 
in an Abelian Higgs model can be written as 



(3.22) 



where I^^s action associated with a screwed cosmic 

string and Imcsh is the Maxwell-Chern-Simons-Higgs 
action. First, let us consider IscSi which can be written 
as 



The boundary conditions for the fields 'p{r) and P(r) 
are the same as those for ordinary cosmic strings 33] , 
namely. 



(p{r) = rj, r ^ oo, 
^p{r) = 0, r = 0, 



P{r) = 0, r — > oo, 
P{r) = 1, r = 0. 



(3.25) 



The configuration for the other component, compatible 
with the cosmic string stability, is given by the following 
boundary conditions: 



Mr) 



0. 



(3.26) 



It is worthy to draw the attention to the fact that these 
components are important to study the behaviour of the 
charges and currents. 

The potential V{ip, a) triggering the spontaneous sym- 
metry breaking can be built in the most general case as 



V{ip) 



2\2 



(3.27) 



where is a coupling constant. This potential possesses 
also all the ingredients which yields the formation of a 
cosmic string, in analogy with the ordinary cosmic string 
case, where Xz = Xt = and without an external field. 



The term /, 



is given by 



+ 



(3.28) 

In this action, we introduced the external field f^i^ that 
will be analysed in connection with the Chern-Simons 
coupling. The parameters Ai, A2 and A3 will be analysed 
with respect to the charge effects. 

Let us consider a cosmic string in a cylindrical coordi- 
nate system, {t,r,9,z), (r > and < 9 < 2tt) defined 
in the Einstein frame. In this frame, we can write the 
metric for a time-like cosmic string as |34l Issj 



I,^, = J d^x^g [-\D^HD^^<^Y - \H^,H^- - Vm)] , 

(3.23) 

where D^^ = (9^ -I- iXf^)^ is the covariant derivative. 
The field strength iJ^^ is defined in the standard fash- 
ion, namely, Hfj^^ = d^X^, — d^X^, with X^ being the 
gauge field. The action given by Ea. H3.23|l has a U{1) 
symmetry associated with the $-field and it is broken by 
the vacuum, giving rise to vortices of the Nielsen-Olesen 
typeHI: 

$ — ip(r)e^^ , 

Xe = '-[P{r) - 1] (3.24) 
Xt = Xt{r) time- like. 



where j,ip and P depend only on r. We can find the 
relations between the parameters of the metric through 
the Einstein equations. Then, in the space-time with 
the metric defined in Ea. (|3.29|l and considering that the 
components t and z of the dilaton vanishes outside the 
string, these equations become 

P" = 87rG/3(T/ + r;)e2(''-'^) (3.30) 



(/3y )' = 87rG/3(r; + Te^)e2('^-'^) , (3.31) 
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(/3V')' = 4^G/3(r/ + r; + tH - T^)e^^^-^\ (3.32) 

where / denotes " derivative with respect to r" . 

The equation for the scalar field, in this background, 
is given by 



06 = -AirGaT. 



(3.33) 



In order to obtain the external solutions of the 
Ea. (|3.33|l . we follow the same procedure already usedQ, 
but now the 0-equation depends on radial coordinate r 
as well as on the coordinates z and t (we assume rota- 
tional symmetry so that decj) = 0. In the external case, to 
garantee the stability at infinity of the solution, we have 
to impose that (j>{t) = (l){z) — + for large distances from 
de defect, which means in practice for r > 0. Then, the 
(/) solution outside the string is the usual one 



Notice, we are working with is more general than the 
one for the ordinary cosmic string. This is so because we 
hope that the cosmic string has a superconductor char- 
acter. This fact already happens in (2 -f- l)-dimensions 
where it acquires charge by virtue of the Chern-Simons 
coupHngfl^. 



This implies that 



= K — . 

r 



(3.35) 



A. The external structure 

Now, we study the behavior of the external solution 
in the case where the dilaton is time-dependent '36'| and 
a Chern-Simons coupling is taken into account. The 
solutions for f]{r) and 7(r) are the same as obtained 
recently and read as 



7 -■ 



Br 
7v?ln 



(3.34) 



R = 2{r + 4^' - -f ^)e2('^-^) = 20'2e2('A-7)^ 
P P 

(3.36) 

which is different from the result obtained in the 
framework of scalar-tensor theories of gravity without 
torsion 0. 

The external metric for the time-like screwed cosmic 
string takes, thus, the form 



— ] W^{r) 



— ) idr^ + dz^) + B^r^de'^ 
ro 



2n -, 

r \ 1 



dr 

roj W^r) ' 



(3.37) 



with W(r) — [(r/ro) + p] a-^d the parameters written as 

n, A and m are given by = k^^X^ + m?, with 
constant in the Brans-Dicke theory. 



B. Dilaton solution in the weak-field approximation 



(3.38) 



Now, let us investigate the dilaton-torsion solution con- 
sidering the weak field approximation j^^iUBl- To do this, where i^{<po) — a-nd the energy-momentum tensor in 
we assume that the metric g^j^ and scalar field (p can be the time-like case, Ai = 1, is given as follows: 

I 



1 1 P'2 



(3.39) 



T, 



(0)2 



(3.40) 
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(3.41) 



J(0)e - 



r 



(3.42) 



and 00 is the constant dilaton value in the absence of the field reads 
string. The equation for the dilaton can be written as 



□0 = eT{r) 



(3.43) 



r 



dt^ dz^ r dr \ dr 



with e = ATTG*ao and T = -T. 

Up to the first order in e, the equation for the dilaton with T given by 

I 



(3.44) 



T(r) = nlr' 



I 



(3.45) 



where, at this point, we consider that the components 
which interact with the string are t and z ones. The 
scalar field, (^(1) , depends on the radial coordinate as well 
as on the coordinates t and z, and is given by 



0(1) z) ^ x{r) + f{r)'ij-'{z, t), 



(3.46) 



where the function /(r) is required to vanish outside the 
string core. This ansatz for the dilaton is not incompati- 
ble with the cosmic string solution. Using solution H3.46|l 
in Ea. H3.44|l . we obtain 



^ _ ^] i A (r^) „ i A (r^) ^ = T(r) 
dt'^ dz"^ ) r dr \ dr J r dr \ dr J 

(3.47) 

In the ansatz H3.46|l . x corresponds to a field which 
depends only on the radial coordinate. As T is the source 
of the pure radial component of the dilaton, let us assume 
that 



with (2) = k'^ — u)'^ being a constant. Thus, we have the 
following set of equations: 



d'f , Idf 



and 



Qj.2 



dr 



92^ 
dz^ 



(3.50) 



(3.51) 



In order to have compatibility with the exter- 
nal solution, /(r) must have the following behaviour 
limr_+oo fir) = 0. Now, let us consider the space-like 
dilaton ui — k'^. In this case, we have that the solutions 
of Eas. (|3.5U|l and H3.51|l are given, respectively, by the 
following expressions 



f{r)= fiIo{kr)+fkKo{kr), 



(3.52) 



and 



x" + -x' - r(r). 

r 

Therefore, Ea. (|3.47|l turns into 





^92^^ 


92V'\ 


1—' 






^1 


^^9*2" 


~'d^) 


"7' 


9r2 


r dr J 



(3.48) 



(3.49) 



ip = ipQ sin(fcz). 



(3.53) 



Notice that the solutions (|3.52() and H3.53|l depend only 
on the coordinates r and z. For these the solutions, we 
have the same interpretation already presented in the 
literature (H^). 
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4. THE CHARGED COSMIC STRING 
CONFIGURATION 

Now, let us to study the cosmic string configuration 
considering the weak field approximation solution to the 
dilaton. In this case, we have analysed the Chern-Simons 
effects in the core of the string with Ai = A3 = in H3.28|l . 
Thus, the equation of motion for the gauge field Xfj_{r) 
is given by 



(4.54) 



If we use the screwed cosmic string ansatz, wc find the 
following equations 



VxB-MSxE^J (4.55) 



and 



V •E-\2a{(l)o)f(r)S»B = p. (4.56) 

These equations are compatible with the asymptotic 
conditions for the string, i.e., outside it S\ vanishes. 
Based on discussions concerning the dilaton solution, the 
time-like gradient of the dilaton 1)2 .Tfl is given, in lin- 
earized approximation, by 



S„. = 



,{4>o)dA{i)5l = ~a{cp^)f{r)S,{kz)5l, (4.57) 



where Sz{kz) — kipo cos(fcz). If we use the Gauss law, we 
find 



= ^A2a(0o)5./;°/(OS(r)rdr. 



(4.58) 



study the effects presented in the last section, let us con- 
sider the vector 5*^ as space-like as in (|4.57|) . The configu- 
ration of the external field that interacts with the cosmic 
string is Yt{r). In this situation, we have the following 
equation for the gauge field X^{r), 



(4.60) 



This equation is compatible with the asymptotic con- 
ditions of the string, i.e., outside the string S\ vanishes, 
because the /(r) dependence. The equation that is equiv- 
alent to Eq. H4.59|) and includes the external field is given 
by 



d^zf = a(0o)^5, / f{r)Erdr, 



(4.61) 



where E — X2E + X^E^xt^ with E^xt being the external 
electric field. 

In the electric case, where we use the space-like tor- 
sion vector, we have that the external electromagnetic 
field that interacts with the string is Yt. The equation of 
motion for gives us 



pro 

Q = a{cj)o)X2TTS, / f{r)B{r)rdr, (4.62) 
Jo 

where we have considered Q = 2\/2vr^ f{r)B{r)rdr. 

Now, we put the external field to interact with this 
charge. The equation of motion for this, with Ai = 1, is 
given by 



d^F^^" + Xse-'P^^SpH^p = 0. 
Proceeding as previously, we find that 



(4.63) 



Other interesting equation is related with the internal 
electric field, in analogy with the London equation, and 
is given by 



J 



d^xj' 



TrX2a{^o)S, / f{r)Erdr, (4.59) 
Jo 



where E — Hrt is the eletric field inside the string. There- 
fore, from the previous results, we can get the interesting 
conclusion that the screwed cosmic string in presence of 
the Chern-Simons-Higgs coupling is charged. 



A. The external electric field in a cosmic string 
backgrund with Maxwell-Chern-Simons-Higgs 
coupling 

In what follows, we consider the effects of the Chern- 
Simons term on the cosmic string gravitational field. To 



Eext = £(2) 



V2ti 



(4.64) 



where e(z) = X2X3aSz- In the next section, let us study 
the energy-momentum content in the magnetic case, us- 
ing the procedure of the electric case. 

The energy per unit length, C7, and the tension per 
unit length, r, are given, respectively, by 



-27r / frdr, 



(4.65) 



and 



T = -27r 



,rdr, 



(4.66) 



where T'|^^ ^ represents the trace of the energy-momentum 
tensor without torsion. 
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The remaining components read as 



(4.67) 



The energy conservation in the weak-field approxima- 
tion reduces to 



dr 



(T, 



{0)8 



^(0)r)- 



(4.68) 



In order to find the metric, we use the Einstein-Cartan 
equations in the form G'^'^{{}) = SttGqT^'^ , in which the 
tensor T^^j^i^ (being first order in G) does not contain the 
torsion contribution due to the fact that we are working 
in the weak-field approximation and Go = 
After integration, we have 



^ = Gnl 



Actually, these quatities are not conserved in the Ein- 
stein frame, but we know js^ that the z contribution 
of the dilaton to the metric vanishes, because that the 
relevant quantity is the vacuum value and then the only 
contribution comes from the induced current. The lin- 
earized Einstein-Cartan equation in this case is 



= -167rG < |(r(o)^. - 2^7^-^(0)1 > . (4.73) 
Then, calculating the expectation value, we get 



< |r(o)tt| >=^l5(x)S{y) + 



In- 



< \T(o)zz\ >= -TS{x)S{y) + IT 



(eQf 



< IT, 



(0)y 



ieQ)^6,,S{x)S{y) + (^a,a,?n(r/ro), 

(4.74) 
with < Sz > given by 



(4.69) 

Now, let us analyse the Lorentz breaking effects in the 
energy-momentum tensor. To do this, we use Eq. 
which gives us 



V2ti 



(4.70) 



Following the usual proceure, let us assume that the 
string is infinitely thin so that its energy-momentum ten- 
sor is given by 



string 



diag[fi, 



27r 



27r 



^T]5{x)5{y), 

(4.71) 

where Q is the charge density in the core of the string. 
In this case, the energy-momentum tensor of the string 
source T^Q)f_ii, (in Cartesian coordinates) has the following 
components 



T(o)„ - ^-5(2;)%) -f {ln^)\ 
T(o).. - ~T6{x)S{y)+n^V^ (in^Y 



(4.72) 



< S"^ >= -00 / cos^ udu = TTIpl = 

J — 7r 



(4.75) 



and — A^7^5'^a^, where u — kz. Now we have to de- 
termine the solution of Ea. (|4.73|l . I order to do this let us 
follow the same procedure presented in |^ concerning 
to the supercontucting cosmic string. 



B. The metric solution the in weak field 
approximation 

For a superconducting cosmic string^, the dynamics 
defined by Ea. (|5.8U|) is complicated by itself, but if we 
assume that we are very far from the source then the 
gravitational coupling can be neglected, and so we are 
left with 



X = 2Go«r'(/i + T+(e-Q)2)ln. 



(4.76) 



The metric for a superconducting cosmic string in this 
case is considered in the linearized case as 



ds^ 



(1 - htt)[-dt^ + a{tf[dx^ + dy^ + dz% , (4.77) 



with the component htt in the Jordan-Fierz frame given 
by 



hu = -4Go |(e-Q)2 ln(-^) + fi - t - (eQf + ^^(^ + r + (eQf)] ln(-^). (4.78) 
[ ro 2 J ro 

I 

5. ANALYSIS OF THE CHERN-SIMONS-LIKE with Lorentz breaking induced by the charge inside the 
COUPLING IN A SCALAR-TENSOR SCREWED 
COSMIC STRING BACKGROUND 

In this section, we study the cosmic string background 
in the context of a scalar-tensor theory including torsion 
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string. We examine, in particular, the effect on the po- 
larization of the synchroton radiation coming from cos- 
mological distant sources, and the relation between the 
electric and magnetic components of the radiation. The 
radio emission from distant galaxies and quasars present 
the polarization vectors which are not randomly oriented, 
as naturally expected. This interesting phenomenon sug- 
gests that the space-time staying between the source and 
observer may exhibit some optical activity. In this case, 
we consider that torsion in the action (|2.()l) is generated 
by the cosmic string, an important aspect analysed here, 
associated to the fact that the cosmic string is charged. 

Replacing the linearized solution given by E aJI4.76|l 
into Ea. (|2.6() . as we did in our previous paper we 
have 



(5.79) 



In this context, the equation for the eletromagnctic 
field becomes 



where < (3 > represents the mean rotation angle after 
Faraday's rotation is removed, r is the distance to the 
galaxy, k the wave vector of the radiation, and s a unit 
vector. 

The rotation of the polarization plane is a consequence 
of the difference in the propagation speed of the two 
modes, the main dynamical quantities computed 

above. This difference, defined as the angular gradient 
with respect to the radial (coordinate) distance, is ex- 
pressed as 



1, 



dp 
dr 



(5.85) 



where /3 measures the specific entire rotation of the polar- 
ization plane, per unit length r, and is given once again 
by /3 = iAj^rcos7 ■ I^i the case of the screwed cosmic 
string, the constant , that encompasses the cosmic dis- 
tance scale for the optical activity to be observed, can be 
written as a function of the cosmic string energy density 
fi as 



(5.80) 



For some purposes, it is more interesting to write down 
these equations of the motion in terms of the electric and 
magnetic fields. Then, we consider the electric field, E'^, 
and magnetic field, B^, defined as usual: 



(5.81) 



Thus, Ea. (|5.8U|l can be written using the linearized 
solution given by (|4.77|) . 

Now, let us consider a FRW background given by 
(|2.14|) . Therefore, the equations of motion can be written 
as 



(5.86) 



It is illustrative to consider a particular form for the 
arbitrary function a(0) = 2 x 10~^, corresponding to 
the Brans-Dicke theory. In this work we use the Nod- 
land and Ralston data to Aj-^ = 10~^^eV to obtain 
the estimative of the value of the torsion coupling con- 
stant to Chern-Simons theory A. Using COBE data 
that 2Goa{(j}o)^'^fi + t + (eQ f) - IQ-^, wc find that 
A ~ 10-26 eV. 

Indeed, these results are in agreement with the recent 
measurement of optical polarization of light from quasars 
and galaxies |^^^, 37]. An interesting set of poten- 
tial explanations of this effect has been put forward in 

Refs. SlSllsilsi. 



Y*'Eext = 2AaVx»Be:rt 

a^Eext - Y ^ Bext -2Aq:Vx X Eext g2) 

V X Eext = —dr^'Bext 
V.Be:,t = 

Using the usual procedure^^; '^^ fi'^d that the disper- 
sion relation in powers of Sa, to first order, gives us 

fc± = w ± 2XC^Goifi + T + {lQf)s cos(7) . (5.83) 

In this case, the parameter Q is the charge in the vortex 
induced by Lorentz breaking and r is the tension of the 
string. 

The angle, [3, between the polarization vector and the 
galaxy's major axis is defined as 

<l3>=~^cos{k,s), (5.84) 



6. CONCLUDING REMARKS 

In this work, we show that is possible to construct a 
cosmic string solution in the presence of a Chern-Simons 
coupling in the case where the Lorentz breaking vector is 
the dilaton gradient. Actually, supersymmetry imposes 
that for the Chern-Simons-type Lorentz breaking to be 
realized, the background vector that condensates must 
indeed be the gradient of a scalar field "io] this is why 
we adopted the torsion as the dilaton gradient. 

There are very important consequences of this fact in 
the cosmic string solution, as for example, the existence 
of a charge induced by the Lorentz breaking in the core 
of the string. Moreover, birrefringence effects may also 
show up. Both the external and internal solutions are 
consistent in the case of a time-like cosmic string. In the 
space-like string, there are problems concerning the solu- 
tion of the dilaton equation, as already discussed |36j. In 
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order to solve this problem, it is necessary to introduce 
a massive scalar field. This case was not analysed in the 
present work, but it will be the subject of a future in- 
vestigation. According to our present results, the back- 
ground generated by this cosmic string is birrefringent 
and agrees with our previous analysis. The diferences 
between them is that, in the present case, the current 
has a scalar-tensor parameter which gives a damping in 
the produced effect; but, even in this situation, this ef- 



fect could have been interesting consequences at the time 
which probably cosmic strings were formed. 
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